This paper is aimed to determine the effect of scanning speed on the coordinate measuring machine to the accuracy of the measured values. Experimental work focuses to measuring the circular sample with a prescribed diameter dimension on the coordinate measuring machine with a defined various scanning speed, and to detecting deviations of the measured values from conventional values of diameter of the circular sample. Detection of the interval of scanning speed where measured values were the closest to the conventional value of diameter of circular sample is the importance of this paper.
INTRODUCTION TO THE ISSUE OF COORDINATE MEASUREMENT
To ensure the quality of production in engineering factories plays a very important role three dimensional coordinate measuring machines with touch-probe system, but also more expanding contactless probe system. The important and causative factor of metrology and manufacturing systems is to produce components with high accuracy in the specific needs and opportunities. It is necessary to measure and control components faster, with higher accuracy and repeatability. Effective measurement is a challenge for manufacturers of measuring devices and the machines themselves. Shorter time of inspection, the ability to collect and analyze large amounts of data and faster processing, are important factors affecting the reduction of production costs and greater compete-tiveness in global market economy. Therefore, the coordinate measuring technology has become an integral part of serial and mass production of companies worldwide. It represents a complex measu-ring system, which carries out the measurements in the plane or in the space with the possibility of full automation of measurement and evaluation. It is used because of its very high accuracy and the ability of high-quality representation of the actual surface of components.
Coordinate measuring technique
Each component is made up from variety of geometric elements, eg. plane, cylinder, sphere, cone, etc. On the coordinate measuring machines are specifically shaped elements of the actual components localized by coordinate measuring of defined number of points in space. The obtained data are processed and so called substitute geometry is determined from them.
From a structural point of view coordinate measu-ring machine contains mechanical part, measuring system. Constructional types of measuring machines generally are: gantry type, bridge type, cantilever type and column type.
Two basic types of scanning systems can be distinguished according to the way of scanning, where each has a different effect on the accuracy of measurement and automation capabilities of the measuring cycle:
 Contact probes and mechanical, which operate on the principle of deviation contact during surface contact with component, where the obtained axis are subtracting by using the switching signal, which can be either a signal generated by analysis deflective force, or a newer type that works with a sensor with optical probe.
 Contactless probes and optical, which emit a laser beam and during the change of intensity beam occurs to the entering of measured coordinate.
Contact probes can "scan" the surface, what is nowadays the standard for accurate measurements. A large number of points can be measured by scanning thus we can obtain more detailed information about actual surface of components. Automatic machine cycle enables automation of measurement and evaluation in short time and thanks to the reliability of measurement and rapid interventions into the production process itself. Thanks to the high density of points, little scattering and high measurement repeatability, the scanning warrants highest informative value characterizing size, shape and position, especially when measuring small cross-sections of geometrical objects. Variability in the measurement process is caused by the presence of errors and uncertainty of measurement. Measurement uncertainty is a parameter associated to the measurement result characterizing the dispersion of the values assigned to the reference variable. Uncertainty is the measure of probability, that the measurement result is close to the true value of measured value. Uncertainty in the measurement process, are a mixture of known and unknown errors from a variety of sources. Errors may be random, systematic, drift and deviation values.
Effects on the measurement result

PROPOSAL OF THE EXPERIMENTAL WORK
The aim of the experimental work was to carry out measurements on the test sample using different scanning speeds and then subsequent evaluation of the impact of the size on the accuracy of the measured values, namely of the mean of the test sample. The measurement was performed in accredited Measuring and Training center Carl Zeiss in Trnava.
Basic description of the experiment
For carrying out the measurement on the sample was used coordinate measuring machine Zeiss PRISMO 10, which cooperates with the software Zeiss CALYPSO 5.2.18. Part of the coordinate measuring machine has been active scanning probe VAST which is capable of a large range of deviation, low measuring force and high measurement accuracy and reliability. The maximum permissible error of probe, during the measuring deviation of shape is 3.5 μm. For scanning was chosen ruby ball of diameter 10 mm, the shank of measurement contact was steel and due to the solidity and stability of the measurement was selected with a larger diameter. The sensor was subsequently calibra-ted. For carrying out the experimental work was used the sample with exactly defined diameter 40.009 mm from steel with high surface quality. CAD model of component was created in CATIA V5. The CAD model was exported to CALYPSO program, where the measurement plan was created and measurement was evaluated.
Generation of the measurement plan
The measurement plan contained all information for machine control, coordinate system settings, sensing system settings, measurements realization and evaluation, controlled characteristics, used elements. The procedure was using the following steps: 3) Definition of the security block (Figure 2 ) -The purpose is to avoid collision between measuring stylus and other objects. This block allows safe driveaway of the stylus around measured sample. Block was placed by CAD model.
4)
Definition of the measured points and measuring method and strategy ( Figure 3 ). The circular motion was chosen as a measuring method. Number of measured points and strategy of measuring were chosen in relation to scanning speed. When scanning with lower speed, number of points was higher, and vice versa, when scanning with higher speed, number of points was fewer. CALYPSO software re-counted number of points with respect to scanning speed. There were carried out 37 measurements. Various scanning speed were spread over different ranges. Measurements started with scanning speed range from 2 mm/s to 40 mm/s, when speed changed in steps of 2 mm/s. Next range was from 45 mm/s to 100 mm/s, with step 5 mm/s. The final range was from 110 mm/s to 150 mm/s with step 10 mm/s.
After these steps of generation of measurement plan with all necessary settings, measurements on the sample followed ( Figure 4 ). The sample part was clamped in a magnetic prism at a desk. Next step was the manual alignment of sample which means, that sample was focused by clearly definition its location in measuring machine coordinate system. For focusing were used features defined when basic coordinate system was generated. These features were captured using minimal number of points for creation of the substitute geometry, i.e. three points for plane and eight points for cylinder. After these steps, CNC automatic mode was launched and series of measurements were carried out. 
THE EVALUATION OF EXPERIMENTAL WORK
Once all 37 measurements at defined scanning speed were carried out, data of measured value and deviation from the conventional value of internal diameter of sample were obtained, and are shown in Table 1 . Figure 5 , values in range 45 mm/s to 100 mm/s are shown in Figure 6 and values in range 110 mm/s to 150 mm/s are shown in Figure 7 . From the graphs is seen, that at low and relatively low speed, the measured values have showed deviations from conventional value from -0.0002 mm to 0.0037 mm which are satisfying values. It means that measurement accuracy of machine is really high at this range of speed. The lowest value of deviation was at speed 4 mm/s, specifically 0.0001 mm. At these lower speeds, the number of evaluated points was significantly higher than at higher speeds. Therefore, it is relevant to consider the positive effect of increasing number of measured points to the measurement accuracy, because by this way, the measurement uncertainty is eliminated.
When scanning speed increased, deviation increased also, number of points decreased, which resulted in the increase of deviation. Measured values of internal diameter decreased when scanning speed increased.
At the highest speeds, all measured values showed a significant deviation from the conventional value. Deviations ranged from 0.0215 mm to 0.0267 mm. At such high speed, the number measured point was significantly lower and thus the accuracy was significantly lower, too. Finally, it can be assessed that with increasing scanning speed, value of deviation from conventional value increased, too. It can be explained by the fact that at higher speed was number of measured points fewer which affected the results. Shank of stylus deflection and centrifugal forces during stylus moving affected the measurements, also. In the range of lower speeds the deviation was acceptable, but already at moderate speeds and especially higher speeds, values of deviation grew up gradually by growing speed. Therefore, it can be concluded that during measuring the characteristic of the internal diameter of sample is practicable to use lower scanning speed, eventually use moderate scanning speed, if acceptable. This is the most rational way when considering the measuring time and obtaining satisfactory values. This can be applied to measuring the characteristic of roundness and cylindricity, also.
CONCLUSION
The aim of this paper was to highlight the issue of effect of parameters, namely scanning speed, as well as measuring strategy and method of data evaluation, which should be given much attention in practice to avoid introducing the unacceptable variability to the measurement process. For achieving the objective, the theoretically overview of the subject was done. It contains information linked to the issue and necessary to understanding the situation. The aim of experimental work was to obtain proper values and to evaluate the effect of scanning speed to the accuracy of measured values of the internal diameter of sample, using coordinate measuring machine. The findings suggest that, in practice, it is the most rational to use lower range of scanning speed and moderate range, eventually. The main objective of a measurement must be to ensure the relevance of the data and to limit the impact of measurement variability.
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